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ABSTRACT 
'Ihe inpact of wildlife damage on 
the profitability of apple fanninJ in 
New York's Hudson Valley was 
detennined by use of a Standard Net 
Present Value (NPV) analysis as a 
means to neasure lo~-term inpact. 
Data were gathered through 
questionnaire and interview of a 
stratified rarrlan sairple of 39 
growers that represented 17% of the 
regional growers. n:ita concernm;J 
species caus~ damage, extent of 
wildlife damage and types of controls 
used were cx::imbined with current and 
lo~-range costs including revenue 
lost through damage and control 
costs. Limitations of the analysis 
are discussed alo~ with results that 
irrlicate an annual equivalent cost 
flow for all wildlife damage between 
$3. 8 and $3. 85 million or $184 to 
$188 per acre. 'Ibis study shows that 
a typical grower experienced cx::imbined 
revenue losses and control costs of 
$12, 500 dur~ 1986. Fifty-two 
percent of this was associated with 
wildlife controls, 40% with revenue 
losses and the remairrler with tree 
replacement costs. over a 25-year 
period beg~ in 1985, the NPV of 
control costs and revenue losses is 
projected to total between $53 and 
$62 million depe:nclinJ upon whether a 
3.5% or 5.0% discount rate is used. 
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INI'RO[UCI'ION 
Wildlife damage a variety of crops 
produced in the United States such as 
grains, orchards, vegetables, and 
o:rnamantals (Byers, 1984: Caslick and 
Decker, 1977; Katsma and Rusch, 1979; 
Tooin, 1986; McDowell and Pillsbury , 
1959) . 'Ihe extent of the damage 
varies by region due to differences 
in climate terrain, crops, and 
wildlife. Despite the implernentatio:1 
of numerous control strategies , 
wildlife continue to be a severe 
problem in same parts of the country. 
This is because wildlife are 
extremely adaptable and in same cases 
thrive in areas where rnar1 has 
significantly altered the original 
habitat. For example, deer-
:p:::>pU.lations in New York are mum 
larger than in the :past because of 
the creation of fields and meadows 
while orchards are an ideal habitat 
for voles (Sauer, 1984; Byers, 1984). 
Hudson Valley apple orchards are 
particulary susceptible to darnaga 
caused by pine and meadc:M voles, 
deer, woodchucks, and a variety cf 
birds. 
'Ihe primacy objective of this 
study was to estimate the impact cf 
wildlife damage on the profitability 
of produc~ apples in four counties 
of the Hudson Valley, New York. 
These counties were: Ulster, 
Columbia, DJ.tchess, and Orange. 'Ile 
first objective is important for 
several reasons. First, apple 
production is an integral part of tl.e 
agricultural sector of the region. 
In 1985, 234 fantlS produced apples 
which had a total gross revent:e 
rang~ between $35-$45 million . 
Second, IOC>St fruit growers obtain 
IOC>St of their revenue from the sale 
of apples since half of the regionc.l 
fruit fann acreage in the Hudson 
Valley is planted with apple trees 
(New York Crop Report~ Service, 
1986; see Table 1) . 'Ibis implies 
that if wildlife cause extenshe 
damage to awle orchards, then 
individual growers would suffer 
eco:ncanic hardship. A secomary 
ooj ecti ve of the study was to gain 
insights concernmJ the cost am 
effectiveness of wildlife control 
measures. 'lhe control strategy 
selected hinges on the nature of the 
wildlife problem, the extent of 
damage, am the availability of 
capital, labor, and machinery. 
GrcMerS atten-pt to select controls 
which are best suited to deal with 
their particular wildlife problem. 
'lhe study estimated the impact of 
wildlife damage on Hudson Valley 
apple production caused by five 
wildlife species. 'Ihese species 
included pine voles (Microtus 
pinetorum) , meadow voles (Microtus 
pennsylvanicus), white-tailed deer 
(Odocoileus virginianus) , birds 
( several species) , am woodchucks 
(Mal.100ta monax) • 
MEilK)ffi 
Analytical Framework 
cost am revenue losses associated 
with wildlife damage in the Hudson 
Valley were estimated for the current 
year am over the life of the 
orchards. A standard net present 
value analysis (NPV) was selected as 
the means to iooasure the long-tenn 
impact of wildlife on the 
profitability of producin;J apples in 
the Hudson Valley. Net present value 
analysis allows for a carcparison of 
streams of i.ncx:loo ootained over time 
from different control strategies. 
'lhe value of future returns are 
discounted to equate future dollars 
with present worth. Miranowski 
( 1984) pointed out that historically 
the real rate of return on invest:Irent 
opp:>rtunities available to fanners 
has been between 3. s am s percent. 
Consequently, these were the rates 
selected to a::lTlpUte the NPV for this 
study. In starrlard notation, the net 
present value of wildlife controls 
am revenue losses can be written as: 
n 
(1) NVP = (-)~ Cji + ~i 
i=l (l=r) 1 
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where: 
Cji = costs associated with 
controllin;J wildlife type 
j in year i 
Rji = revenue losses associated 
with wildlife type j in 
year i 
r = discount rate 
n = total mnnber of time periods 
The net present value was 
calculated assuming that n=25, which 
corresponds to an orchard lifespan of 
25 years. Revenues am costs vary 
considerably over time reflectin;J a 
transition in the average age, 
density, am corcp:>Sition of the 
trees. 
'lhe results of the net present 
value analysis were used to compute 
annual equivalent cash flows, which 
converts the NPV into annual cash 
flows that equal the amount a grower 
would have to pay each year for 25 
years to equal the payment of the 
entire NPV today. To detennine the 
equivalent cash flows the NPV was 
divided by the present value of one 
dollar per year for 25 years at the 
appropriate discount rate (Aplin et 
al., 1977). 
Questionnaire Design 
To measure the extent of wildlife 
damage, a stratified rarrlom sarrple of 
39 apple growers was interviewed in 
the four county region. '!his 
represented 1 7 percent of the 
regional apple growers (Table 1). 
The respondents were asked to 
in::licate the types of wildlife which 
affect their orchards, the extent of 
wildlife damage their orchards 
experience, am the types of wildlife 
controls they use. '!his info:nnation 
was then combined with price data 
obtained from other sources to 
cx:xnpute current am lo~-tenn costs 
am revenue losses associated with 
wildlife controls am damage. 
'lhe names am addresses of the 
grcMerS interviewed were obtained 
from the New York Crop Reportin;J 
Board. 'lhe stratification criteria 
was that each fann must contain at 
least 50 acres of apple orchards. 
'!he reasons for doin;J this were 
twofold. First, the study was 
primarily a:>ncerned with the effects 
of wildlife damage on camrercial 
growers. Many orchards smaller than 
50 acres na.y not be as profit-
oriented as large fann.s since the 
owners of small fann.s frequently 
supplement their incane from outside 
sources. Secondly, by surveyin;J 
large fann.s, a llRlch higher percentage 
of the regional apple acreage was 
included in the sample which 
increased the likelihood of 
accurately portrayin;J the scope of 
the wildlife problem. 'Ihirty-four 
percent of the regional acreage was 
included in the Hudson Valley 
Wildlife D=mlage SUrvey. 
'!he questionnaire was divided into 
six sections. 'lhe first section was 
designed to obtain background 
information from the growers 
regarding their farmi_nJ operation. 
Growers were asked to irrlicate how 
llRlch land they rent andjor own, the 
types of fruit they produce, the 
rn.nnber of bearin;J and nonbearin;J 
acres of each fruit type, tree 
density, and the rnnnber of acres of 
fannland used for other purp:::>Ses by 
land use type. Information 
concerning tree age was also 
requested since yields vary by tree 
age and since wildlife affect young 
trees in different ways than old 
trees. Since each farm has trees of 
na.ny different ages, growers were 
asked to estimate the mean tree ages 
for each tree type. Additional 
background infonnation a:>ncernin;J 
each farm included in the survey was 
obtained from the individual 
responses to the 1985 Orchard and 
Vineyard Survey. The survey 
contained information on the 
varieties, rootstocks, rnnnber of 
trees for each rootstock, and the 
ages of the trees planted. 
Sections 2-6 were a:>ncerned with 
the irrpact of wildlife damage on 
apple production. In these sections 
of the questionnaire, data were 
a:>llected regarding the types of 
controls used including baits, 
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cultural practices, deterrents, tree 
guards, and fences. Growers were 
first asked to estimate the amount of 
each a:>ntrol applied per acre, the 
rnnnber of applications per season, 
age of the trees and the percentage 
of apple acreage receiving treatrrent, 
and the method of application. For 
cultural practices such as mowin;J and 
herbicide applications, which often 
are routinely a:>nducted regardless of 
wildlife damage, infonnation was 
elicited regardin;J the number of 
applications that were applied solely 
for wildlife a:>ntrol. Only the 
additional applications were used in 
the canputation of wildlife a:>ntrol 
costs. '!his infonnation, when 
combined with price infonnation, 
pe:nnitted the calculation of the 
total CX>St of appl yin;J each form of 
a:>ntrol. 
Growers were then asked to 
estimate the amount of wildlife 
related damage their orchards 
~ience or would ~ience with 
and without a:>ntrols. Respondents 
predicted the extent of wildlife 
damage their orchards would 
~ience with a:>ntrols, without 
a:>ntrols for one year, and assuming 
that controls were permanently 
removed. D=mlage was expressed in 
terms of the total number of trees 
damaged, seriously damaged, or 
killed. 
Growers were asked to predict the 
level of damage for both young and 
old trees. Young trees damaged by 
voles and woodchucks were defined as 
being six years and younger while 
young trees damaged by deer were 
defined as bein;J five years or 
younger. D=mlage was measured in this 
way since the irrpact of wildlife 
damage is more severe for young trees 
than for older trees. D=mlage was 
also estimated separately for semi -
dwarf, dwarf, and standard trees. 
Deer damage dwarf and semi-dwarf 
trees more than standard trees 
because the fonner are sma.ller and, 
therefore, a greater proportion of 
the total bearing surface is 
accessible. D.varf and semi -dwarf 
trees are not damaged more than 
starrlard trees by voles, but because 
they have weaker root systems, the 
inpact of the damage is greater. 
'Ihe degree of damage was expressed 
in terms of loss of yield potential. 
'Ibis refers to the ability of a tree 
to produce rKM and into the future. 
Growers estimated the percentage of 
yield potential lost durin;J the 
current year and the percentage of 
lost potential which a:,uld be 
regained over time. Al though deer 
and voles may both cause equivalent 
losses of yield potential, the 
ability of a damaged tree to recover 
from vole damage is generally less 
than recovery from deer damage. 
Hence, the lon;1-tenn impact of vole 
damage will be greater than deer 
damage although in the short run they 
may be the sane. 
Although birds cause damage to 
the fro.it, grc:Mers rarely use any 
type of cxmtrol to minimize this 
damage. Hence, when making 
cc:mparisons of current year bird 
damage with damage caused by other 
types of wildlife, it must be 
reroornbered that the latter are bein;J 
controlled while the fo:mer are not. 
If controls on voles, deer, arrl 
woodchucks were reiroved, the damage 
caused by these types of wildlife 
would far exceed that caused by birds 
(Table 2). 
Yield, Packout, and Prices 
To predict the economic impact of 
wildlife damage it was necessary to 
estimate the yield curves for semi-
dwarf' dwarf' and starrlard trees. 
Forshey (1987) estimated these curves 
assuming that grc:Mers follCM average 
management practices arrl that yields 
are not severely affected by disease, 
weather, or insects. 'Ihe yield 
curves were used to estimate 
production durin;J the current year 
and over an orchard life cycle of 25 
years. Yield durin;J any particular 
year is a function of the age of the 
tree and tree type while production 
is a function of yield and acreage 
planted. 
Since apple yields follCM a 
nonlinear grcMth path and since there 
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are trees of many ages, yield is 
characterized by the average yield 
which is attainable along a 
particular section of the yield 
curve. Prcxiuction was estimated by 
multiplyin;J the yield attained in 
this fashion by the number of acres 
of the particular tree type in 
question. 
In addition to estimating 
production, it was also irrg:x::>rtant to 
estimate apple pack.out. Pack.out, 
which refers to the quality of the 
harvested fruit was assumed to be 90 
percen t fancy and extra fancy and 10 
percent juice for semi-dwarf and 
dwarf trees. Only 65 percent of the 
pack.out of standard trees was assumed 
to be fancy and extra fancy while 35 
percent was assumed to be used for 
juice. 'Ibis is because standard 
trees in the Hudson Valley are 
generally past their prime. Eighty 
percent of the nonjuice packout was 
assumed to be extra fancy and 20 
percent fancy. 
Information concernin;J the costs 
of wildlife control rreasures arrl 
ai:ple prices were obtained from a 
variety of sources. Some of the data 
concerned with the costs of wildlife 
control were obtained by serrlin;J a 
brief survey to three agricultural 
supply companies in the Hudson 
Valley. A large portion of the cost 
data was also obtained from budgets 
prepared by castaldi (1987) which 
estimated the costs of establishin;J 
ai:ple orchards in the Hudson Valley. 
Apple prices were obtained from 
several sources. 'Ihe prices for 
fancy arrl extra fancy apples were 
obtained by takin;J a l1'K:>nthly average 
of F.O.B. prices durin;J 1985-1986. 
F.O.B. (Freight on Board) prices do 
not include storage, dippin;J, and 
other costs associated with apple 
harvestin;J. 'Ihe prices were obtained 
from the New York Crop Reportin;J 
Service. 'Ihe extra fancy and fancy 
prices per bushel obtained in this 
fashion were $11. 57 and $8 .17, 
respectively. When these prices were 
multiplied by the percentage shares 
of nonj uice packout and total 
packout, the combined extra fancy arrl 
fancy prices becaIOO $9. 80 for semi-
dwarf and dwarf trees and $7.08 for 
stan::1ard trees. 'Ihe total price was 
fourrl by add.in;J to the above prices 
the percentage share of price 
contributed by juice. 'Ihe juice 
price represents a sinple average of 
the prices a select group of growers 
provided. '!his price was 5.04¢ per 
pourri or $2. 02 per bushel. 'Ihe total 
weighted price for semi-dwarf and 
dwarf tree production was $10.00 per 
rushel while the price for standard 
tree production was $7.79 per bushel. 
since awles not harvested due to 
wildlife damage will not incur 
packi.rq or harvesting costs, these 
handling costs must be subtracted 
fran the total weighted prices. 
Packi.rq and harvesting costs were 
estimated by castaldi (1987) to equal 
$2.00 and 65<f per bushel (for picki.rq 
labor), respectively. Because 
harvesting costs other than labor are 
fixed, they were not relevant to this 
analysis. 'Ihus, the per bushel 
prices for semi-dwarf and dwarf trees 
and standard trees used to compute 
revenue losses were $7. 35 and $5 .14, 
respectively. 
Limitations of the Analysis 
There are several caveats 
associated with the analysis 
presented in this paper. One of the 
primacy limitations concerns the 
manner in which yield and packout 
were selected. Since the yields were 
estimated without the benefit of 
extensive field data and since damage 
of one type or another usually 
affects production, there may exist 
wide variations between potential and 
predicted production levels. 'Ihis is 
further constrained by the assumption 
that apple acreage will remain 
constant over time. In reality, the 
apple acreage in the Hudson Valley 
has been decreasing over the past few 
years and there is reason to believe 
that this trerxi will continue (New 
York Orchard and Vineyard SUrvey, 
1980-1985). 
A second limitation concerns the 
selection of apple prices, input 
prices, inflation rates, and interest 
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rates. 'Ihese were assumed to be 
constant over the 25 year time 
period. 'Ihus, the analysis did not 
allow for fluctuations in demarrl due 
to ~ing tastes and preferences. 
Prices may be influenced by the 
availability of substitutes and the 
quantity produced while grc,.vers may 
plant alternative crops which are 
less susceptible to wildlife damage. 
In addition, the selection of 
discount rates is somewhat arbitrary 
since it is difficult to put a value 
on future returns and invesbrent 
opportunities. , 
A third limitation concerns the 
speculative nature of many of the 
responses provided by apple grc,.vers. 
Growers usually had to approximate 
the level of wildlife damage their 
fann currently experiences. '!heir 
responses were very speculative when 
they were asked to predict the level 
of damage assurninJ that controls are 
re:rroved for various lengths of time. 
'Ihus, caution must be exercised in 
interpreting the estimates of revenue 
losses. In general, estimates of 
costs can be expected to be much more 




Respondents estimated that voles 
annually kill 0 . 7 percent of the 
young trees and O. 5 percent of the 
older trees . '!hey also estimated 
that voles damage 1.2 percent of 
young trees and O. 9 percent of older 
trees. 'Ihese results are very 
similar to those estimated by 
Ferguson (1980), Brooks and Stnlger 
(1983), and SUllivan et al. (1980). 
'Iwo-thirds of all the damage was 
attributed to meadow voles. Young 
damaged trees were estimated to lose 
86 percent of their yield potential, 
very little of which could be 
recovered. Older damaged trees were 
estimated to lose nearly 50 percent 
of their yield potential over half of 
which could be recovered (Table 2). 
'Ihe most widely used bait was zinc 
phosphide cracked com (Zn3P2) which 
was used on over 85 percent of the 
apple acreage to prevent large 
buildups of meadow voles. Rozel , 
( chlorophacinone: . 005 lbs. 
a.i./acre/application applied as a 
bait) which was used primarily to 
cx:mtrol pine voles, am ZPRB-AG 
(zinc phospride rodent bait AG 
fonnulated by Bell Laboratories, Inc. 
as a 2% zn 3P2 active ingredient 
grain-based pellet) were applied to 
only 16 am 18 percent of the 
regional acreage, respectively. '!hey 
were usually applied by ham to areas 
which have a serious vole problem. 
Part of the reason that little of 
these baits were applied is that they 
cost twice as much per pourrl as zinc 
i:nospride cracked corn. Also, it is 
l'IOre difficult to awly them with a 
fertilizer spreader. Fifty percent 
of the orchards received additional 
herbicides while the entire apple 
acreage was mowed one additional time 
as a precaution against vole damage. 
Nearly three times as many machine 
arrl labor hours were used for rnowinJ 
than for applyinJ herbicides to 
control voles. In contrast to the 
two cultural practices discussed 
above, tree base clearinJ was done 
solely to prevent vole damage. Only 
21 percent of the regional acreage 
was tree base cleared al though the 
number of labor hours required was 
similar to that used for rnowinJ 
(Table 3). 
Resporrlents predicted that if 
controls were rerocwed for one year 47 
percent of the young trees would be 
killed am 50 percent would be 
damaged. Twenty-one percent of the 
older trees were predicted to be 
killed am 39 percent damaged. 'lhus, 
all of the young trees would be 
killed within three years am nearly 
100 percent of the older trees would 
be killed within six years if 
controls were permanently removed 
(Table 2). 
Resporrlents estimated that deer 
currently kill one percent of young 
trees arrl damage another three 
percent. Both of these figures are 
sanewhat higher than those estimated 
for vole related damage. Young trees 
damaged by deer were estimated to 
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lose 42 percent of their yield 
potential of which growers irrlicated 
they can regain 70 percent. In 
contrast, 8 percent of the older 
trees were estimated to be damaged by 
deer am to lose 18 percent of their 
yield potential of which 90 percent 
can be regained. Unlike older trees 
damaged by voles, no older trees are 
killed by deer (Table 2). 
Small bars of toilet soap or mash 
bags of hair are htinJ in trees as 
repellents. 'lhirteen percent of the 
regional acreage received soap while 
only 2 percent of the acreage 
received hair bags (Table 3) . Far 
nore acreage received soap than hair 
bags since deer have grown accustomed 
to the latter repellent. over 83 
percent of the trees one to three 
years of age received one or both of 
these repellents while wire mash or 
electric fences have been constructed 
on only three percent of the regional 
apple acreage. 
Resporrlents predicted that 17 
percent of young trees would be 
killed am 36 percent damaged if deer 
controls ( includinJ huntinJ) were 
rerroved for one year. '!hey also 
predicted that 9 percent of the older 
trees would be damaged al though no 
older trees would be killed. It was 
predicted that 87 percent of the 
yield potential of young trees would 
be destroyed within three years am 
that 34 percent of the yield 
potential of older trees would be 
destroyed within five years if 
controls were pennanently rerocwed. 
'lhese estimates in:iicate that vole 
damage to young trees in the short-
nm is much more severe than deer 
damage but that in the long-run the 
damage is similar. 'lhe potential of 
voles to damage older trees is much 
greater than the potential damage 
caused by deer over any length of 
tirre (Table 2) . 
Resporrlents estimated that birds 
af:fect the production of 38 percent 
of the young trees am 19 percent of 
the older trees. Birds damage more 
young trees mainly because m::>st young 
trees are earlier colorinJ am more 
highly colored. Also, a higher 
percentage of these trees produce 
early red varieties. Only 2 percent 
of the production fran the trees 
affected by birds is damaged of which 
80 percent is thrown away while the 
rest is used for prcx:::essing (Table 
2). 
Respondents estimated that 
\«X:Xichucks kill one-half of one 
percent of YC>\.ID3 trees and damage 
three percent. 'l\vo-tenths of one 
percent of older trees were estimated 
to be killed by woodchucks and one 
percent damaged. Banbs and phostoxin 
were awlied to 43 and 16 percent of 
the regional acreage, respectively, 
to control woodchuck damage. 
It was predicted that if woodchuck 
controls were removed for one year, 9 
percent of the YC>\.ID3 trees would be 
killed and 11 percent damaged. One 
percent of the older trees were 
predicted to be killed and 3 percent 
damaged (Table 2) . 'lbese results 
in:licate that the threat posed by 
woodchucks to the physical well-being 
of trees is far less than that posed 
by voles and deer. 
current Costs and Revenue losses 
It was estimated, based on the 
results of our survey, that growers 
spent over $1. 5 million, or $75 per 
acre to prevent wildlife fran 
damaging Hudson Valley apple 
production (Table 4) . over 90 
percent of the noney was spent to 
prevent vole damage, 37 percent of 
which was spent on additional InCMing, 
22 percent on additional herl::>icides, 
6 percent each on tree base clearing 
and tree guards, 18 percent on zinc 
phosphide cracked corn, and the 
remaimer on Rozol and ZPRB-AG. 
Expenses on cultural practices 
represented two-thirds of the vole 
control costs of which machinery use 
represented 50 percent. In contrast, 
Pearson (1976) estimated that the 
average grcMer in the Hudson Valley 
annually spent only $6 per acre to 
control pine voles. 
Only 5 percent, or $3.50 per acre, 
of the total control costs was spent 
to control deer damage, of which 80 
percent was spent to apply soap, 8 
72 
percent was used to apply hair bags, 
while the re.maimer was used to build 
and maintain deer fences. Close to 
80 percent of the costs were for 
labor while the rest was for 
materials. 'Ibis compares favorably 
with the results of a study by Tatro 
(1986) who estimated that New York 
growers annually spent $3.70 per acre 
on deer control costs. 'lbree percent 
of the total control costs were spent 
to contain woodchuck damage, 80 
percent of which was used to apply 
l:xl!'nbs, 11 percent was used to awly 
phosto xin, and the remaimer was 
spent on applying water and cyanide. 
Eighty-one percent of the noney was 
spent on labor and the rest on 
materials (Table 4). 
In addition to control costs, 
grcMers spent $250,000, or $12 per 
acre, to replace trees killed by 
wildlife. over 40 percent of the 
expen:li ture was to replace trees 
killed by voles while the remaimer 
was equally divided between replacing 
trees killed by deer and woodchucks 
(Tables 5 and 6) . 
Growers suffered revenue losses 
amounting to $1.15 million or $56 per 
acre in 1986 (Tables 5 and 6) . 
'lbirty-five percent of the revenue 
losses were caused by vole damage, 33 
percent by birds, 23 percent by deer, 
and 9 percent by woodchucks. Only 20 
percent of the revenue losses were 
associated with damage to young trees 
of which over 30 percent was 
associated with vole damage and 30 
percent with deer damage. 
Total revenue losses and control 
costs equaled $2. 9 million or $143 
per acre (Table 7) . Since the 
average fann in the four county 
region had 88 acres of apples, the 
typical grcMer suffered combined 
revenue losses and control costs of 
$12,500 during the past year. Fifty-
two percent of this amount was 
associated with wildlife controls, 40 
percent with revenue losses, and the 
remainder with tree replacement 
expenses. Fann revenues would have 
increased between 5 and 8 percent if 
wildlife problems did not exist. 
Revenue losses assuming that 
controls were renoved for various 
lel"X_Jths of ti.Ire were not cx:mq:,uted for 
several reasons. First, al though 
growers have a fairly good idea of 
the arnount of damage they currently 
experience, their predictions 
concernin:J damage without controls 
were highly speculative. Secorrl, the 
arnount of damage predicted to cx:::cur 
without vole and deer cxmtrols would 
force virtually all of the growers 
out of business within several years. 
Third, the loss of revenues 
associated with biro. damage would 
chan;Je very little since very few 
grow-ers use biro. controls. 
In Table 2 it is interestin:J to 
note that grow-ers estimate that biro.s 
do a nroest arnount of damage to the 
fruit in 38% of the yourg trees and 
19% of the older trees. However, in 
both tree age categories, the yield 
is reduced only slightly (2%) and, in 
contrast with vole and deer damage, 
c.::x:,rrplete rea:Nery from such damage is 
predicted. Although birds may damage 
only 2% of the apples on these trees, 
this is equivalent to losin:J the 
production from 72 acres or O. 3% of 
all the acreage in the four-county 
region . Because biro.s cause no 
damage to the trees thus negatin:J 
tree replacements costs and, because 
their negative in,pact is subject to 
100% rea::Nery in the followin:J year, 
growers appear to recognize but 
tolerate a rather substantial amount 
of fruit loss to biro.s. In fact, 
Tables 5 and 6 which extrapolate 
grow-er responses to the proportions 
of total annual revenue lost due to 
voles, deer, biro.s, and woodchucks, 
it is notable that the percentage 
share of the total revenue losses are 
35%, 23%, 33%, and 9%, respectively. 
'Ihus growers are experiencin:J and 
acceptin:J a degree of damage from 
uncontrolled biro. pop.ll.ations that is 
nearly equal to that inflicted by 
voles which are subjected to control 
efforts. one should be mindful that 
grower estimates of damage are 
exactly that. Nevertheless, even a 
50% reduction in the estimate for the 
percent of the crop damaged would 
still suggest a rather high and 
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heretofore unreported annual revenue 
loss due to biro.s. '!he losses of 
fruit may be significantly reduced if 
bird controls were used, although the 
cost of such controls may far exceed 
the benefits derived . 
Net Present Value Analysis 
'!he total net present value of 
control costs and revenue losses was 
estimated to range between $53 
million and $62 million for the 25-
year period beginnin:J in 1985 (Table 
7). Nearly 60 percent of the NPV was 
associated with vole damage and 
controls of which 60 percent was 
contributed by control costs, 31 
percent by revenue losses, and the 
rest by tree replacement (Table 5) • 
'!he share of revenue losses was 
predicted to increase over time since 
more youhg semi-dwarf trees, which 
are prone to suffer greater damage 
than are large standard trees, will 
be planted. Fourteen percent of the 
NPV was associated with deer costs 
and revenue losses, of which 70 
percent was associated with a loss of 
revenue which is a somewhat higher 
percentage than current revenue 
losses for the same reasons cited 
above. Twenty-one percent of the NPV 
was associated wi th revenue losses 
caused by bird damage which 
represents a much higher share of 
current losses since the proportion 
of early colorin:J and more highly 
colored varieties will increase 
considerably over time (New York 
Orchard and Vineyard SUrvey, 1980-
1985) . Six percent of the NPV was 
associated with woodchuck damage and 
controls of which 60 percent was 
contributed by revenue losses. 
'!he annualized NPV, or annual 
equivalent cost flow, for all 
wildlife ranged between $3.8 million 
and $3.85 million or between $184 and 
$188 per acre. 'Ihese figures are 23 
percent higher than the current 
revenue losses and control costs 
which reflects the fact that greater 
damage is expected to cx:::cur in the 
future. '!he annualized net present 
value of revenue losses for older 
trees were generally twice that 
experienced durin;J the past year 
while the losses for young trees 
remained about the sane. 
CDNCIIJSIONS 
'Ihe results of this study indicate 
that the typical grower suffered 
cx::mbined revenue losses arrl CX)ntrol 
costs of $12,500 duri.n:J 1986. Fifty-
two percent of this airount was 
associated with wildlife CX)ntrols, 40 
percent with revenue losses, an::l the 
remainder with tree replacement 
expenses. In interpreti_n:J these 
statistics, it should be remembered 
that estimates of CX)ntrol CX)Sts are 
reasonably accurate while estimates 
of revenue losses are sonewhat 
speculative because the revenue loss 
computation depended more upon 
growers' perceptions about wildlife 
damage. 
'As the proportion of dwarf, semi -
dwarf, an::l starrlard trees ~es, 
arrl as the age profile of orchards 
~es, CX)ntrol CX)Sts arrl revenue 
losses will be different from those 
experienced duri_n:J the past year. 
over a 25-year period beginni.n:J in 
1985, the NPV of CX)ntrol CX)Sts arrl 
revenue losses was projected to total 
between $53 million an::l $62 million, 
deperrling upon whether a 5. O percent 
or a 3. 5 percent discount rate was 
used. 'Ihe average annual value of 
CX)Sts arrl revenue losses ranged 
between $3. 8 an::l $3. 85 million, or 
approximately $185 per acr e . 
'!he above f i gures indicate that 
wildlife have a very significant 
impact on the profitability of 
producin;J apples in the Hudson 
Valley. ResearC'h is needed to 
establish the functional relationship 
between production an::l wildlife 
damage, arrl to help select optimal 
CX)ntrol strategies. Despite these 
limitations, the results of the study 
provide inp::>rtant insights CX)ncernirg 
growers' perceptions of the extent of 
damage arrl the CX)Sts of CX)ntrol 
measures and revenue losses. 
Moreover, these results lay the 
grourrlwork for future studies by 
pinpointing deficiencies in our 
current knowledge of wildlife damage. 
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Research must focus on these areas to 
ensure that wildlife will be 
CX)ntrolled in a CX)St-effective manner 
in future years. 
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Table 1. Total apple farm s , apple farm acreage, apple acreage, and the disposition of acreage on 
. 1 1/ representative app e farm&-. 
Total number Total acreage Disposition of Acreage 
of farms of farms Total on Representative Apple Farms 




County apples apples Acreage Apples Fruit- Crops- Forest Use&- Uses 
------------------------------------acres------------------------------------
Ulster 104 14,901 11,629 112 5 1 20 6 144 
Columbia 74 17,904 5,117 69 25 4 92 52 242 
Dutchess 28 5,521 2,090 75 2 42 14 65 197 
Orange 28 3,553 1,720 61 10 7 20 28 127 
All 
Counties 234 41,879 20,556 88 11 8 42 30 179 
I/From New York Crop Reporting Service, 1983-85. New York Agricultural Statistics, Albany, New York; and 
from New York Crop Reporting Service, 1986. New York Orchard and Vineyard Survey, 1985, Albany, New 
York. 
2/Including pears, peaches, and cherries. 
3/Including corn, wheat, buckwheat, etc. 
4/Including abandoned orchard, pasture, wetland, buildings, lots, etc. 
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1/Information concerning wildlife damage was obtained from grower responses to the Hudson Valley Wildlife 
Damage Survey. 
2/Yield potential refers to the ability of an apple tree to produce now and into the future. 
3/Yield potential recovery refers to the ability of an apple tree to recover from damage over time. This 
assumes that the tree will not continue to be damaged in future years. 
l/Includes any and all materials and or practices intended to act solely as control measures. 
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Table 3. Quantity arrl types of wildlife control rre.asures, applications per 
season, acres receiving treatrrent, arrl labor arrl machine hours 
























Control Use arrl Inputs 
Acres 
Receiving .Awlications Labor Ma.chine 






































































































1/r:ata concerning the use of wildlife controls was obtained from the results of 
the Hudson Valley Wildlife Damage Sm:vey. 
l./Nurnbers in parentheses refer to percentages of the total apple acreage. 
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Table 4. Wildlife control costs e>cpressed in tenns of labor, machine, arrl 

















































































































.11Price infonnation from M. castaldi 1987 arrl this survey. 
~/ Numbers in parentheses in the total column above the subtotals represent the 
percentage share of the subtotal control costs contributed by each control 
rreasure for each wildlife species. 
'J./ Numbers in parentheses in the total column belCM the subtotals refer to the 
percentage share each subtotal contributes to the total costs. 
1./ Numbers in parentheses urrler the labor column refer to the percent of total 
deer or woodchuck control costs contributed by labor expenses. 
79 
Table 5. Vole and deer control costs, tree replacement costs and the associate::i 
revenue losses projected over a 25-year period.11 
Annualized Annualized 
Net Net Present Value Net Net Present 
Present Assuming a Present Value Assuming a 
Value Discount of 3.5i Value Discount of 5% 
CUrrent 3.5% Per 5% Per 
eonponents Year Discount Total Acre Discount Total Acre 
--million dollars-- $ -million dollars- $ 
Voles 
Control costs 1.41 22.07 1.34 65 19.15 1.36 68 
Tree replacerrent 0.11 3.09 0.19 9 2.68 0.19 10 
Revenue 1~/ (44)l.l 
(YOl.ln:J trees) 0.08 1.25 0.08 4 1.13 0.08 4 
Revenue losses (35)11 
(old trees) 0.32 10.07 0.61 30 8.26 0.58 29 
SUbtotal 1.92 36.48 2.22 
(58)2 1 
108 31.20 2.21 111 
Deer 
Control CXJSts 0.07 0.94 0.06 3 1.08 0.07 3 
Tree replacement 0.07 1.25 0.08 4 1.11 0.09 4 
Revenue losses 
(YOl.ln:J trees) 0.07 1.16 0.07 3 1.02 0.08 4 
Revenue losses (23)_4_/ (70) §__/ 
(old trees) 0.19 5.31 0.32 16 4.45 0.38 18 
SUbtotal 0.40 8.94 
(14)~, 
0.53 26 7.66 0.62 29 
'IUI'AL 2.32 45.42 2.75 134 38.86 2.83 140 
11 Based upon data obtained fran the Hudson Valley Wildlife Damage SUrvey, supply 
companies, and budgets prepared by castaldi (1987). 
21 Revenue losses for young trees damaged by voles includes trees 6 years and 
younger. Revenue losses for young trees damaged by deer includes trees 5 years 
· and y01.Jn:Jer •
..J/Nurnber in pai::entheses below current year column beside tree replacement refers to 
the percentage of total tree replacement costs asscx::iated with wildlife which is 
contributed by vole damage. 
11 Number in :parentheses beside revenue loss figures in column one refers to the 
percentage shares of the total revenue losses asscx::iated with each wildlife type. 
51 Percentage of total NPV control costs and revenue losses asscx::iated with each 
type of wildlife. 
_gJ Percentage of share of total NPV for each wildlife type which is contributed by 
revenue losses. 
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Table 6. Bird and woodchuck control costs, tree replaceioont costs and the 
associated revenue losses projected over a 25-year perioct.11 
Annualized Annualized 
Net Net Present Value Net Net Present 
Present ~ a Present Value~ a 
Value Discx:,unt of 3.5% Value Discx:,unt of 5% 
C'Urrent 3.5% Per 5% Per 
0'.:111.X.>nents Year Discx:,unt Total Acre Discx:,unt Total Acre 
--million dollars-- $ -million dollars- $ 
Birds 
Revenue 1~/ 
(young trees) 0.05 0.95 0.06 3 0.84 0.06 3 
Revenue losses (33)! 1 
(old trees) 0.33 12.31 0.75 37 10.21 0.72 35 
SUbtotal 0.38 13 .26 / 0.81 40 11.05 0.78 38 
(21)~ 
Wcxxichucks 
Control cost.sd1 0.05 0.76 0.05 2 0.66 0.05 2 
Tree replacem:mt 0.07 0.88 0.05 2 0.76 0.05 2 
Revenue losses 
(young trees) o.03 I 0.48 0.03 1 0.43 0.03 1 
Revenue losses (9).! (60).§_/ 
(old trees) 0.08 1. 79 0.11 5 1.49 0.11 5 
SUbtotal 0.23 ) . 91 0.24 10 3.34 0.24 10 
(6) 
TOI'AL 0.61 17.17 1.05 50 14.39 1.02 48 
lJ Based upon data obtained fran the Hudson Valley Wildlife D:unage SUl:vey, supply 
carpanies, and budgets prepared by castaldi (1987). 
2,./ No bird control cx:>sts were reported by respondents included in the Wildlife 
D:unage SUl:vey. In reality some growers do spend noney to protect their orchards 
against bird damage. 
l.J Revenue losses for young trees damaged by wocxichucks and birds included trees 6 
years and younger. 
~Number in parentheses beside revenue loss figures in column• one refers to the 
percentage shares of the total revenue losses associated with each wildlife type. 
~/Percentage of total NPV control cx:>sts and revenue losses associated with each 
/
type of wildlife. 
2. Percentage share of total NPV for each wildlife type which is cxmtributed by 
revenue losses. 
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Table 7. Ag'p:egated wildlife oontrol CX>Sts am tree replacement CX>Sts am the 







an-rent NPV 3. 5% 
Anrrua.lized NPV 
.Assumirg a 
Oisoamt of 3.5% 

















































11Based upon data ootained fran the Hlxison Valley Wildlife Iamage SUrvey, suwly 
cnrpanies, arrl bldgets prepared by castaldi (1987). 
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